T ardive dyskinesia (TD) is a potentially irreversible disorder characterized by aimless, uncontrollable movements. These movements typically involve the tongue, jaw, trunk, and extremities. Tardive dyskinesia usually develops after chronic exposure (more than 3 months) to neuroleptic medication or, within 4 weeks of discontinuing an oral neuroleptic medication (8 weeks of a depot neuroleptic).
T ardive dyskinesia (TD) is a potentially irreversible disorder characterized by aimless, uncontrollable movements. These movements typically involve the tongue, jaw, trunk, and extremities. Tardive dyskinesia usually develops after chronic exposure (more than 3 months) to neuroleptic medication or, within 4 weeks of discontinuing an oral neuroleptic medication (8 weeks of a depot neuroleptic). 1 The specific mechanism involved in tardive dyskinesia remains unclear, although supersensitivity of dopaminergic receptors may be responsible. 2 Studies suggest the prevalence of tardive dyskinesia is 15% to 20% in patients receiving neuroleptic medication and 1% to 5% in individuals not receiving neuroleptic medication. The use of neuroleptic medications results in a 3% to 5% incidence of tardive dyskinesia per year. 1 Several risk factors have been associated with a higher incidence of tardive dyskinesia. Among them are increasing age, female gender, and dose and duration of neuroleptic exposure. The prevalence of tardive dyskinesia increases with age. In patients younger than 40 years, the prevalence of tardive dyskinesia is 5% to 10% and increases to 50% to 70% in patients older than 65 years. 3 The risk of tardive dyskinesia is similar in young men and women. However, it occurs more often in elderly women than in elderly men. 1, 4 Psychiatric diagnosis has also been shown to be related to the risk of tardive dyskinesia. It has been found that schizophrenic patients appear to have a lower risk of tardive dyskinesia, while patients with schizoaffective disorder appear to be at greater risk for developing tardive dyskinesia. 4 Mood disorders, such as depression and bipolar disorder, have also been associated with a higher risk of tardive dyskinesia. 4 Other diseases that have been associated with an increased risk of tardive dyskinesia include diabetes mellitus and organic brain dysfunction. Ganzini found that the prevalence of tardive dyskinesia was significantly higher in diabetic subjects than their nondiabetic matched controls. 5 Drugs other than neuroleptic medications that have the potential to block dopamine receptors may also lead to tardive dyskinesia with prolonged use. These drugs include the gastrointestinal prokinetic drug metoclopramide, the antidepressant amoxapine, and drugs for the treatment of Parkinson' s disease such as bromocriptine, pergolide, and levodopa/carbidopa. 4 Prolonged amphetamine or stimulant abuse can also cause a syndrome similar to tardive dyskinesia. Antimalarial medications that are chloroquine-based and oral contraceptives also have the potential to cause dyskinesias with chronic use. 1 Recently, the selective serotonin-reuptake inhibitors have also been shown to cause movement disorders. 6 
A B S T R A C T
BACKGROUND: With the introduction of atypical neuroleptic medications into the marketplace, the use of conventional neuroleptics has fallen, attendant with the perception of a more favorable side-effect profile for the atypical neuroleptics.
OBJECTIVE: The purpose of this study was to determine the risk of tardive dyskinesia (TD) associated with atypical and conventional neuroleptics.
METHODS: Subjects were adult users of the Veterans Administration Puget Sound Health Care System (VA-PSHCS) who received ≥1 prescription for neuroleptic medications during the study period. Electronic medical and pharmacy records were used to obtain neuroleptic drug exposure, exclusionary diagnosis, diagnosis for TD, and select demographic data. Medical records were reviewed to collect demographic data not available electronically. Controls were randomly selected from a cohort of neuroleptic users without TD. The case-defining event was the diagnosis of TD.
RESULTS: There were 42 cases and 160 controls for the final analysis. The only demographic difference found was a higher proportion of Caucasians (90%) in the TD group compared to the control group (76%). There was no significant difference in the risk of TD for patients on conventional neuroleptics compared to the atypical neuroleptic users (OR=1.29; 95% CI=0.71-2.34). After adjusting for age, gender, race, schizophrenia, schizoaffective disorder, depression, and anti-Parkinson drugs, there was still no significant difference in risk of TD between cases and controls (OR=1.02; 95% CI=0.465-2.232).
Neuroleptic Drug Exposure and Incidence of Tardive Dyskinesia: A Records-based Case-Control Study
Neuroleptic or antipsychotic medications such as haloperidol and chlorpromazine have been the mainstay for treatment of schizophrenia and other psychotic disorders for many years. The use of these medications does not come without risks. Neuroleptic medications are reported to cause tardive dyskinesia. More recent market introductions of neuroleptic medications belong to a class of drugs dubbed "atypical" due to their unique mechanism of action. Clozapine was introduced to the United States market in 1989, risperidone in 1993, olanzepine in 1996, quetiapine in 1997, and ziprasidone in 2001. 7 It has been suggested that these atypical neuroleptics have a lower incidence of tardive dyskinesia compared to the conventional neuroleptics. Although there is some evidence that the atypical medications may have a decreased occurrence of tardive dyskinesia, reports of tardive dyskinesia associated with use of these new atypical neuroleptics have appeared in the literature. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] The newer, atypical neuroleptics on average cost 20 times more per day of therapy than the conventional neuroleptics. Managed care organizations have an interest in determining the value-formoney equation for the atypical neuroleptics. Jeste proposes that this additional cost has been a deterrent to managed care organizations in the prescribing of atypical medications. 19 Cost concerns need to be balanced against the risk of potentially serious side effects, especially tardive dyskinesia. Due to the conflicting findings in the literature, the question of whether one drug or a particular class of drugs is associated with a higher risk of tardive dyskinesia remains unanswered. This study examines the difference in risk of tardive dyskinesia associated with the newer, atypical neuroleptic medications compared to the older, conventional neuroleptic medications.
■■ Methods

Subject Selection
This study was a records-based, nested, case-control study of the association between neuroleptic drug use and tardive dyskinesia in a cohort of neuroleptic users at the Veterans Administration Puget Sound Health Care System (VA-PSHCS) between January 1, 1996, and December 31, 1998. The study protocol was approved by the Institutional Review Boards of both the VA-PSHCS and the University of Washington. Electronic pharmacy data were used to identify neuroleptic users and to capture all prescription drugs used by the cohort during the study period ( Figure 1 ).
Study subjects were active adult (>21 years of age) users of the VA-PSHCS who had received more than one prescription for a neuroleptic medication during the study period. Within this study, the case-defining event was the diagnosis of tardive dyskinesia. Diagnosis of tardive dyskinesia was defined as the presence of the ICD-9 code 333.82 in any hospital discharge diagnosis or clinic visit diagnosis for each subject during the study period. Electronic encounter data were used to identify those subjects with a diagnosis of tardive dyskinesia. Controls were selected at random, using the SPSS 8.0 biostatistical software, 20 from the cohort of neuroleptic users without a diagnosis for tardive dyskinesia. To ensure subjects were active users of the VA-PSHCS, all subjects were required to have had more than one encounter with the VA-PSHCS in the period 90 days prior to the first prescription of a neuroleptic medication and in the period 90 days after the last prescription-fill of a neuroleptic medication, or September 30, 1998, whichever came first.
Subjects receiving risperidone, olanzapine, quetiapine, or clozapine at any time during the study period were considered users of atypical neuroleptics. Ziprasidone was not available in the U.S. market at the time of this study. Subjects receiving any one of the remaining neuroleptics listed in Table 1 were considered users of conventional neuroleptics. Atypical neuroleptic users were followed from study entry until either (a) they were switched to a conventional neuroleptic medication, (b) therapy was discontinued, or (c) September 30, 1998, whichever came first. Medical records were reviewed to verify case or control status, to evaluate the rate of misclassification between cases and controls, and to collect demographic data not available electronically. 
Exclusionary Criteria for Cases and Control
There are many diseases that may cause symptoms similar to tardive dyskinesia. Electronic encounter data for the entire cohort were searched to identify subjects with ICD-9 codes for exclusionary diagnosis. The paper medical records of the included study subjects were also searched for evidence of exclusionary diagnosis. The following list of diagnoses was used to exclude subjects: Parkinson' s disease, Huntington' s disease, Wilson' s disease, Sydenham' s (rheumatoid) chorea, systemic lupus erythematosis, thyrotoxicosis or hyperthyroidism, heavy metal poisoning, Hallervorden-Spatz disease of iron metabolism, Schönlein-Henoch purpura, multiple sclerosis, quadriplegic paralysis, and Lou Gehrig' s disease.
Data Collection
Data were collected using the electronic medical record as well as the paper medical record. The electronic record was used to obtain neuroleptic drug exposure, the presence of exclusionary diagnosis, the presence of a diagnosis for tardive dyskinesia, the number of clinic visits, number of hospitalizations, total hospital days, and select demographic data ( Table 2 ). The electronic data were also used to identify other risk factors for tardive dyskinesia such as psychiatric diagnosis, anti-Parkinson drug use, and other drugs that may cause tardive dyskinesia. Data on the use of antiParkinson medication were collected, since these medications are often used to treat acute extrapyramidal symptoms, and those who experience extrapyramidal symptoms are at greater risk of developing tardive dyskinesia. The paper medical record was abstracted to obtain a history of tobacco, alcohol, and illicit drug use, the subject' s primary residence, and comorbid diseases.
Data Analysis
Data were analyzed using Intercooled Stata 6.0 for Windows. 21 Categorical data were evaluated using the Pearson' s Chi Square test. Continuous variables were evaluated using the Student t-test. Differences were considered statistically significant at the P≤0.05 level. The relative risk was estimated by the odds ratio for the association of tardive dyskinesia and neuroleptic drug exposure using unconditional logistic regression. Logistic regression analysis was also performed to control simultaneously for potential confounding factors.
Justification of Sample Size and Power Calculations
Approximately 44,000 veterans are served by the VA-PSHCS; of those, approximately 3,700 (8%) received neuroleptic medications between January 1, 1995, and December 31, 1998. 22 Using the method described by Schlesselman, 23 we estimated that 45 cases and 135 controls would be needed to achieve 80% power (ß=0.2), to detect a minimum relative risk of 3.5, with a ratio of controls to cases of 3:1 and significance level of α=0.05. This relative risk was considered adequate to signal a need for further research based on the findings of the Tollefson and Jeste studies, both of which determined the relative risk of tardive dyskinesia in haloperidol users to be approximately 4 times greater than in users of either olanzapine or risperidone. 
■■ Results
A total of 3,683 subjects used neuroleptic medications between January 1, 1996, and December 31, 1998. A total of 401 subjects-30 cases and 371 controls-had an ICD-9 code for an exclusionary diagnosis. The ICD-9 code for tardive dyskinesia was present in 130 of the remaining subjects. Using SPSS 8.0 for Windows, 659 (20%) controls were randomly selected from the 3,152 eligible controls. The paper medical charts were not available for 69 cases, so those cases were excluded. Chart reviews were performed on the remaining cases (n=61). Approximately 5 times as many control charts were abstracted to account for exclusions and to obtain a 3:1 ratio of controls to cases. Three hundred seventy-five charts were reviewed, 61 cases and 314 controls. Thirteen cases (3.5%) were excluded because they were not receiving a neuroleptic medication prior to the date of diagnosis for tardive dyskinesia. One hundred thirty-five controls (43%) were excluded for not being active patients of the VA-PSHCS or because they did not receive more than a one-month supply of neuroleptic medication during the study period. Chart abstraction revealed that misclassification of tardive dyskinesia diagnosis occurred in 19 (5%) controls and 6 (10%) TD cases. There were 202 subjects for the final analysis, 42 cases and 160 controls ( Table 3) . The demographic characteristics of the case and control groups are presented in Table 4 . There was no difference in mean age between the case (TD) group (51; range 29-76) and the control group (49; range 25-81). Since there were no cases in the Asian/Pacific Islander or Native American race categories, race was controlled for Caucasian and non-Caucasian in the final analysis. There were a greater number of Caucasian subjects than nonCaucasian subjects in the case (TD) group (91%) compared to the control group (76%). There was no difference in the proportion of males to females between the two groups. Table 5 summarizes the psychiatric and other comorbid diseases between cases and controls. A larger proportion of controls had depression, bipolar disorder, diabetes mellitus, and hypertension. Table 6 summarizes the neuroleptic drug exposure in the case (TD) and control groups. There was no difference in proportion of atypical and conventional users in the two groups. A larger proportion of TD cases received anti-Parkinson medications than controls (69% and 31%, respectively). More controls received other medications that may cause tardive dyskinesia than TD cases (34% and 19%, respectively).
No significant difference was found in the risk of tardive dyskinesia between atypical and conventional neuroleptic users (Table 7) . After adjusting for other covariates, there was still no significant difference in risk of tardive dyskinesia. We found that users of conventional neuroleptic medications were 1.02 (95% CI: 0.0.465-2.232) times as likely to have a diagnosis for tardive dyskinesia as users of atypical neuroleptic medications after adjusting for age, gender, race, and other covariates (Table 8) . Subjects with schizophrenia, schizoaffective disorder, and use of anti-Parkinson drugs were at increased risk of having a tardive dyskinesia diagnosis. None of the comorbidities listed in Table 5 was a significant predictor of the outcome, tardive dyskinesia. Schizophrenia and schizoaffective disorder were significant predictors of TD. 
■■ Discussion
There is a perception that users of conventional neuroleptic medications may be at increased risk of developing a diagnosis for tardive dyskinesia compared to users of atypical neuroleptic medications. This study did not find a significant difference in the risk of tardive dyskinesia between atypical and conventional neuroleptic medication users; however, it was only powered to detect a difference in risk of 3.5.
Tollefson found that users of haloperidol were 4.6 times as likely to develop tardive dyskinesia as users of olanzapine. 24 Another study looking at the risk of tardive dyskinesia between risperidone and haloperidol in elderly patients found that users of haloperidol were 4 times as likely to develop tardive dyskinesia as risperidone users. 19 There are a few reasons why our results may vary from these studies. First, our study did not exclude prevalent cases of tardive dyskinesia. Also, unlike the Tollefson study, we adjusted the risk of tardive dyskinesia based on age, gender, race, psychiatric diagnosis, and the use of anti-Parkinson medication. Furthermore, we combined all atypical medications into one group and did not have a sample large enough to compare them individually to users of conventional neuroleptics. There is evidence that olanzapine may be less likely than risperidone to cause extrapyramidal side effects. Tran and colleagues in a double-blind study looking at olanzapine versus risperidone in the treatment of schizophrenia and other psychotic disorders found that users of olanzapine had significantly fewer extrapyramidal symptoms than users of risperidone. 25 Based on the findings of this pilot study, more research is warranted using a larger sample size and a longer period of observation. Incident cases of tardive dyskinesia would be the preferred outcome in future research, and the length of neuroleptic exposure should be adequately defined. If available, Abnormal Involuntary Movement Scale scores should be used to aid in the diagnosis of tardive dyskinesia.
■■ Conclusions
With the introduction of atypical neuroleptic medications into the marketplace, these medications have become favored due to an apparent lower risk of side effects such as tardive dyskinesia. There is little research describing the societal costs of tardive dyskinesia and the loss in quality of life experienced by those with TD. Atypical medications, on average, cost 20 times the amount of conventional medications but are being prescribed more and more with the presumption that they decrease the occurrence of tardive dyskinesia. Among patients with a diagnosis of TD, we found the same incidence of use of atypical neuroleptics as conventional neuroleptics. This finding may complicate the use of pharmacoeconomic studies used to determine if the quality-of-life years gained by using the atypical neuroleptic medications offsets the excess direct (drug) cost of the atypical neuroleptics. Marshall served as principal author of the study. Study concept and design were contributed primarily by Marshall, Hazlet, and author Jacqueline S. Gardner. Analysis and interpretation of data were contributed primarily by Marshall and author David K. Blough. Drafting of the manuscript was primarily the work of Marshall. Critical revision of the manuscript was primarily the work of Marshall, Hazlet, and Gardner. Statistical expertise was contributed primarily by Blough and Marshall. Administrative, technical, and/or material support was provided by Gayle Reiber, PhD, and Andy Stergachis, PhD. 
